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Meeting March 161971 Aspects of Intensive Care Dr J Colquhoun and Dr D M Harris (Royal Hospital, Sheffield, SI 3SR) Problems ofInfection in an Intensive Car Unit In Sheffield we define an intensive care unit as an area for the care of patients requiring sophisticated monitoring or the maintenance of a vital function by mechanical equipment. The Unit is staffed by medical and nursing personnel specialized in the use of such equipment; in other respects, patients remain under the care of their original consultant physician or surgeon.
Many of the problems encountered in intensive therapy may be directly attributed to the specialized nature of the work. We have progressed from the comparative calm of the oldstyle hospital ward to the situation where the gravely ill patient is dominated by specialized equipment, and surrounded by staff. Walls which were once easily disinfected are now encumbered with suction apparatus; the old-style dust-gathering radiators are now built into the walls, where they still gather dust and are less accessible for cleaning. Over the whole scene looms a false ceiling concealing complicated ventilation systems.
We feel that efficient control of infection in these circumstances demands close consideration of the following aspects: (1) This unit is a conversion of existing office accommodation and has certain limitations in its design (Fig 1) . It is barely adequate in terms of nursing area and also has the disadvantage that the only facility for isolating patients is a single cubicle. Provision was made for the direction of airflow to be from the unit into the corridor outside; within the unit, air in the cubicle is at a positive pressure with respect to that in the main ward. It was thought that this would allow the cubicle to be used exclusively for the nursing of clean cases which were 'at risk' of infection. However, experience showed that if such a clean case did become infected, the arrangement represented a hazard to the patients in the main ward (especially to the case in Bed 1). Despite the large number of seriously ill patients, the incidence of infection has not been particularly high. Of 189 infected patients, 15 were probably infected by the unit; considering that many of the patients were already infected on admission and some infections occurring within the unit were almost certainly autogenous, the number of patients probably infected by the unit is low. The term 'infection' has been used for convenience here to describe the isolation of a potentially pathogenic organism from sputum, tracheostomy wounds, other wounds and urine; however, it must be emphasized that many of the isolations from the respiratory tract were not accompanied by clinical signs of infection, and did not require antibacterial therapy. The death rate was 20% in infected patients and 27 % in uninfected patients; in virtually all the fatal cases there was severe underlying disease, and infection was a contributing factor rather than the prime cause of death.
Ber Equipment Changing
However, in planning the more recent unit at the Royal Infirmary, we attempted to remedy some of the more obvious defects of the first unit (Fig 2) . This unit does not undertake coronary care, so that all six beds are available for general medical and surgical cases. There is an increased emphasis on cubicle accommodation, and provision has been made for reversibility of airflow between the cubicles and the main nursing area, depending on the 'cleanness' or infectivity of the cases in the cubicles at any given time. The engineering design incorporates a simple manual change-over flap damper in the extract duct from each bedroom and pressure release flaps from each bedroom to the corridor. The flap lever is clearly marked 'patient at risk' and 'infectious'. The sister-in-charge operates the flap lever in accordance with the occupancy of the room, so that it can be maintained at either positive or negative pressure with respect to the corridor.
However, over-sophistication may sometimes create more problems than it solves. In a special care baby unit for which we have recently assumed responsibility, an attempt was made to provide independent regulation of temperature, and airflow in individual cubicles. This was achieved only at the expense of filling the space above the false ceiling with a complicated mechanical system which is highly inaccessible and virtually impossible to clean or disinfect.
In designing intensive care facilities, some thought should be given to the type of case which is to be treated. For the new Hallamshire Hospital (a teaching hospital of 700 beds, housing various specialized regional units) we believe that the following would be required:
(1) Coronary care, 6 beds; (2) organ trans- (4) general surgical, 4-5 beds; (5) special surgical (cardiothoracic), 4-5 beds.
We feel that the organ transplant unit should be separate, and that coronary care is probably best as a separate unit; however (3), (4) and (5) could share the same facilities. Since a single complex of some 17 beds is too large for proper control and too exacting on a nursing team we have decided to have two 9-bed units which will be horizontally or vertically contiguous. This division is essentially only an administrative one; bacteriologically, we see no grounds for having distinct medical and surgical units. We feel also that a division based on 'clean' and 'dirty' cases is unrealistic, since initially clean cases show an unfortunate tendency to become dirty over a period of time.
Equipment
Equipment dominates the modem intensive care unit. It tends to be bulky and to acquire any organisms disseminated from the patients. Frequently the equipment itself is difficult to sterilize and the sheer volume of machinery present hinders adequate disinfection of the environment. From the latter point of view, a separate equipment store for the housing of articles not actually in use is essential. We cannot emphasize too strongly the fact that nondisposable equipment should be sterilized by the most efficient possible means, i.e. autoclaving, and we deprecate the fact that manufacturers are now producing many articles, such as suction bottles, from nonautoclavable materials. Where autoclaving is contraindicated we have found ethylene oxide to be very satisfactory and would recommend this method provided that the hospital is equipped with a sterilizer capable of producing the necessary temperature, pressure and humidity (Colquhoun 1969) .
Since infections with Gram-negative bacilli are cspecially liable to occur in intensive care units, it is particularly important that there should be efficient means for the disposal of excreta. Conventional bedpan-washers do little except produce contaminated aerosols; the use of disposable bedpans and urinals with a 'Clinimatic' macerator is preferable.
The problems involved in sterilizing ventilators have already received wide attention; the various methods have been well reviewed by Fisher & Kyi Kyi (1969) and we do not propose to discuss them further, except to say that available methods tend to be expensive and sometimes difficult to perform, and are not always guaranteed to be effective. In our opinion, the following measures, meticulously performed, reduce bacterial contamination to a level at which it ceases to be important as a cause of cross-infection: (1) Daily autoclaving of black rubber connexion tubing. Where a machine is supplied with nonautoclavable tubing, this should be replaced by rubber. (2) Use of 1:5000 aqueous chlorhexidine in the humidifier. This solution should be changed daily, whether the humidifier is in use or not.
(3) Cleaning of internal components with alcoholic chlorhexidine between patients.
Similar methods have been used by Lowbury et al. (1970) with satisfactory results.
Antibiotic Policy
The first essential is to decide whether antibacterial therapy is necessary. It must be emphasized that heavy growths of Ps. aeruginosa or Klebsiella aerogenes can sometimes be obtained from sputum or tracheostomy wounds, even though there is no good evidence that the bacteria are adversely affecting the patient's clinical condition. In our experience, antibiotics have little effect on the outcome of such cases. Indeed there is a growing body of evidence that the indiscriminate use of antibiotics creates more problems than it solves. The wide use of ampicillin as an initial broad-spectrum therapy is particularly undesirable, since virtually all strains of K. aerogenes are inherently resistant to this antibiotic and can flourish with impunity in its presence. In common with other units, we now find K. aerogenes to be the commonest bacterial species isolated from the respiratory tracts of patients receiving intensive care. There is much to be said for the use of antibiotics to be decided by formal consultation between clinicians and bacteriologists. Certainly, the routine use of prophylactic antibiotic therapy must be condemned. Its dangers have recently been graphically illustrated by Price & Sleigh (1970) who describe how complete withdrawal of all antibiotic therapy was necessary in order to terminate an epidemic of K. aerogenes infection.
Significantly, the mortality rate did not increase when this policy was adopted.
General Management
The staff of the Unit should be made aware of the possible routes of cross-infection, and all members should constantly strive to maintain a high standard of aseptic technique.
Bacteriological monitoring of patients and equipment is essential. We do not personally feel that routine swabbing of the noses and throats of the staff is advantageous, since carriage of pathogenic organisms is often transient. However, we insist that any staff suffering from respiratory infections are suspended from duty until bacteriological clearance is obtained.
We have described elsewhere (Harris et al. 1969 ) our methods for routine disinfection of the Unit. Perhaps we should add that we have had little success in reducing bacterial colonization of sinks and washbasins, but these are probably not important as sources of clinical infection. For example, strains of Ps. aeroginosa endemic in these sites rarely cause clinical infections, as judged by the serological and phage-typing studies of Lowbury et al. (1970) . Using pyocine-typing as our epidemiological tool, we have come to the same conclusion. Furthermore, although strains from clinical lesions sometimes colonize sinks in the immediate vicinity of the patient, they do not persist for more than a few weeks.
Conclusion
Although we have dealt mainly with things rather than people, we would emphasize that the success of a Unit depends ultimately on the calibre and devotion of the staff running it. The occurrence of infection depends on the outcome of the battle between the bacteria and the resistance of the patient, and good nursing is fundamental in enhancing the patient's resistance.
